This research reports on the results of a study of 412 girls, ages sixteen through eighteen, in a major Midwestern United States city. The study, which also uncovered unexpected racial differences, found that, contrary to the preponderance of the research evidence, most high school girls say that they do not view those who choose IT careers as being geeks or loners. These results, which also contradict widely held beliefs, suggest the need to reassess resources currently allocated to combat the geek and loner images, particularly in large urban areas. Unfortunately, the results are not as positive as they might seem at first glance. More than half of the girls studied believe that people who choose IT careers are obsessed with computers. This new misinformation, rooted in girls' personal experiences, is likely to prove even more difficult to counter than the geek image that it appears to be replacing.
Introduction

Goal of the Research
Numerous researchers have indicated that a particular piece of misinformation, the perception of Information Technology (IT) professionals as being geeks and loners, may be one of many explanations for the under-representation of women in Information Technology. In particular, Jepson and Perl (2002) identified a nerdy image of IT people as one of six reasons that girls do not choose IT careers. Hazzan and Levy (2006) identified a "geeky" and loner image as one of three factors discouraging women from IT careers, positing that women are more likely to be interested in careers involving more interaction with people. Margolis and Fisher (2002) suggested that women are more likely to be affected by the geek stereotype than men are, and thus, when women do not experience an intense obsesMaterial published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact Publisher@InformingScience.org to request redistribution permission.
sion with computers, they are more likely to contemplate whether they really belong in the IT field. Eglash (2002) described the geek identity as not only a gender but also a race concern that acts as a gatekeeper and paradox in the participation of science and technology as it potentially hinders diversity. The purpose of this research was to determine if girls in the United States, ages sixteen through eighteen, at the age when they are making university and career choices, do indeed view IT professionals in this negative way.
Significance of the Issue
The geek/loner issue is important for multiple reasons. The predicted growth of IT jobs in the United States (Hecker, 2005) , the shortage of IT professionals (McGee, 2005) , and the underrepresentation of women in the IT field have raised serious concern regarding the US technology workforce in the 21st century (Camp, 1997; Grant, Knight, & Steinbach, 2006; Holzer, 2006; Lazowska, 2002; Sanders, 2005 
Background
Defining the Geek Stereotype Margolis and Fisher (2002) describe the Geek Mythology as a stereotype that portrays computer scientists as nerdy and obsessed with computers. Margolis and Fisher began their study at Carnegie Mellon University in 1995. As part of their research, students external to the computer science discipline described their computer science peers as people who were "in love with computers, myopically focused on them to the neglect of all else, living and breathing the world of computing, at the computer 24/7" (p. 65). Margolis and Fisher state the Geek Mythology can be a paradox because 69 percent of the female computer science students and 32 percent of the male students in their study did not agree that they fit this geeky image. AAUW (AAUW Educational Foundation, 2000) states, "Girls tend to imagine that computer professionals live in a solitary, anti-social, and sedentary world" (p. 10). Beyer, Rynes, and Haller's study (2004) identifies the perception of computer science students as "somewhat unsociable and nerdy" (p. 26). Carlson (2006) reports the perception of computer scientists are "the brilliant but socially inept mumblers who could use a few tips on hairstyles and clothes." Several researchers identify the geek image as the nerdy, pocket-protector, male-dominated, computing culture (Miliszewska, Barker, Henderson, & Sztendur 2006; Newton, 2001; Weibel, 2006) . Furthermore, the media continues to perpetuate the geeky, anti-social image of IT professionals (Thomas & Allen, 2006; Weibel, 2006) . "Television and movies continue to depict the IT professional as a nerd, who has no people skills and is only concerned with technical issues" (Thomas & Allen, 2006, p. 166) . Thus, as the quotations in Table 2 reveal, the geek concept in scholarly research has two major elements:
(1) a fascination with computers and (2) social awkwardness and isolation. Newton 2001 "It could be that either a reality or a perception of geekiness concerning math and computer obsession in high school is part of the problem" (p. 72).
Margolis and Fisher
2002 "in love with computers, myopically focused on them to the neglect of all else, living and breathing the world of computing, at the computer 24/7" (p. 65).
Carlson 2006 "the brilliant but socially inept mumbler who could use a few tips on hairstyles and clothes" (p. 5).
Hazzan and Levy
2006 "It has been suggested that the low representation of women in IT results from the geeky image of IT workers that discourages women from pursuing tech careers" (p. 8).
Miliszewska 2006 "popular perception of the male-dominated computing culture, its particularly masculine character and, often a geek image" (p. 108).
Thomas and Allen
2006 "Television and movies continue to depict the IT professional as a nerd, who has no people skills and is only concerned with technical issues" (p. 166)
Weibel 2006 "In many popular movies, computer scientists are usually depicted as geeks with pocket protectors who are severely socially inept" (p. 1).
Challenging the Geek Stereotype
Despite the research cited in the last section, some limited evidence exists that challenges the pervasiveness of the geek and loner stereotypes. Three specific studies contradict in varying ways the ideology that the geeky, antisocial stereotype is a significant deterrent for females. Each of these studies considered a different population segment. Weinberger's study (2004) reported a relatively small percentage of female college students who were alienated by the geek image.
Weinberger conducted research from a sample of non-CIS college students and explored the reasons for choosing their college majors and careers. Weinberger's study reported that few, 10 percent of the female non-CIS, students reported they would not choose an IT major because they would be considered, "too serious, nerdy or strange." In their study, Blum and Frieze (2005) revealed a new emerging computer culture that gave the computer science men "the permission to explore their nongeeky characteristics and the women encouragement to be both feminine and computer focused" (p. 114). However, both the Weinberger and the Blum and Frieze studies considered college age students. Only Schott and Selwyn (2000) looked at high school age girls. This research explored the male-dominated, geek and loner stereotype in the United Kingdom. Schott and Selwyn's study concluded with conflicting results. They found that contrary to the stereotypes, the high ICT users were just as socially aware and active as the low ICT users. However, during interviews, the qualitative results found several low ICT users expressing stereotypes toward the high ICT users. Schott and Selwyn postulate that the computer culture is changing due to the ubiquitous use of ICT in their homes and schools over the past decade. Although seemingly not as pervasive as the past, Scott and Selwyn warn that geek stereotypical attitudes remain with some United Kingdom students and must be addressed. 
Efforts to Overcome the Geek Stereotype
Perhaps because the vast majority of prior studies support the idea of a geek and loner stereotype discouraging young women from pursuing IT careers, there have been numerous efforts to overcome this stereotype. One recommendation from the AAUW report (AAUW Educational Foundation, 2000) for educating girls in computing for this century is to change the stereotype of the computing culture, to "change the public face of computing." Many universities are conducting workshop sessions, scheduling presentations, and advocating for a change in the computer culture to dispel the geek stereotype. The University of Waterloo developed a weeklong residential Computer Science Seminar for forty high school girls entitled "CS Girls Rock" (Graham & Latulipe, 2003) . The purpose of the seminar was to promote the Computer Science discipline and to challenge the geek stereotype. Laurie Williams (2005) from North Carolina State University has developed a presentation entitled, "Debunking the Geek Stereotype with Software Engineering Education." Carnegie Mellon University's Women@SCS Outreach Roadshow was created to promote positive images of IT professionals and "to challenge the traditional stereotypes of what and who computer scientists are" (Women@SCS, 2006) . Sooriamurthi, Sengupta, Menzel, Moor, Stamm, et al. (2004) from Indiana University identified, "one of the most prominent images in media today is a computer geek" (p. 3). They state that this stereotype drives both men and women away from the computing field and recommended several intervention strategies in the session to dispute the geek stereotype. Indiana University has also developed a student or-ganization called "Just Be" to promote computer science fields to and break down the stereotype that students entering those fields are "not just pocket-protector wearing geeks" (Indiana University, 2006). Florida State University is also advocating changing the face of computing. Their message is "You don't have to be a nerdy white guy to be a computer geek. In fact, you can be a woman, a minority, a person with a disability or someone who is downright cool" (Elish, 2006) . These widespread efforts to overcome the geek stereotype demonstrate how broadly the existence and powers of the geek image are accepted. Clearly, many universities accept that the geek image is keeping students in general, and women in particular, away from the Information Technology field.
The Purpose of this Study
Given that significant efforts are being made to combat the geek and loner image among young women, and that the Schott and Selwyn (2000) study at least suggested the possibility that this misconception might be diminishing, the current study was designed to ferret out the truth. It is the first study to specifically address this question with a large number of urban high school girls in the United States. By working with students from a wide variety of academic areas who are making their first major choices about career interests and universities, we hoped to identify resolve the issue of a barrier from the geek / loner image at the point of greatest potential impact.
Research Methodology
Three hypotheses form the basis for this research:
H1: Most high school girls do not perceive IT workers as geeks.
H2: Most high school girls do not perceive IT workers as loners.
H3: There are no significant racial differences among high school girls' perceptions of IT workers as geeks or loners.
To evaluate these three hypotheses, a survey was administered in the spring of 2006 to eleventh and twelfth grade female students in four high schools in the Chicago area. The average age of the participants was 17. During the survey process, all female eleventh and twelfth graders in each school were encouraged to participate in the survey to ensure a cross-section of girls with different backgrounds and career plans. It was essential for the research to avoid a self-select bias of girls who had a strong interest in computers or computer-related careers. Three of the schools were Chicago public high schools and one school was private. The four high schools selected included girls from a wide variety of ethnic and socioeconomic backgrounds. The first school was a predominately-Hispanic general high school, which is open to all students living in the neighborhood. It is located on Chicago's west side and serves two local largely Hispanic communities (Chicago Public Schools, 2006). The second school was a predominately AfricanAmerican general neighborhood school that is located in a "racially and economically diverse neighborhood" and "offers a rigorous college preparatory curriculum and an accelerated magnet program in partnership with a major research university" (Chicago Public Schools, 2006). The third high school is an all-girls private Catholic Dominican institution with a strong college preparatory curriculum. The last school is a selective enrollment high school with a mixed racial/ethnic background. Admission into this school is highly competitive and requires an entrance exam (Chicago Public Schools, 2006).
The survey had nine sections, with one section focused specifically on the girls' attitudes regarding IT workers. The nine major sections were: 1) basic demographic information, 2) general career questions 3) questions regarding computer courses, 4) computer access and use, 5) attitudes about people who work in IT fields, 6) knowledge about computer and technology careers, 7) sources of information on IT careers, 8) familiarity with and interest in computer-related careers and 9) attitudes about computer and technology careers. Questions regarding the girls' perception of the characteristics of people who work in IT jobs were developed using a four-point Likert scale. The girls were asked whether they disagree, slightly disagree, slightly agree, or agree with the following two statements: (1) "I think people who choose careers in computers are geeks." and (2) "I think people who choose careers in computers are Loners/antisocial." Two separate questions were asked because of some variation in the meaning of the term geek. As noted earlier, prior academic research sometimes defined geeks as fascinated with computers, sometimes described them as socially inept and isolated, and sometimes identified both characteristics. To insure that we communicated clearly with the girls being studied, we asked two separate questions, one aimed at geeks, and another at loners.
Results
Demographics
The sample for this study was comprised of 412 eleventh and twelfth grade girls from four Chicago area high schools. 
H1 and H2: Are IT Workers Perceived as Geeks and Loners?
Overall results for the geek and the loner questions are shown in Table 4 . Using the Chi-squared test of goodness of fit, results for both geeks and loners are significant at the p < .001 when compared to an equal distribution that might be expected if results were random. High school girls have a clear opinion about whether IT people are geeks and loners. Interestingly, their opinion does not support the conventional wisdom. Girls are substantially more likely to disagree than agree with the statements that IT workers are geeks or loners. The median value for both geeks and loners was one, "disagree," and more than 81 percent of the study participants either disagreed or disagreed slightly with each of the statements, as shown in Table 4 . Thus, we reject the null hypothesis for both H1 and H2. Upon inspecting Table 4 , the observer might be tempted to suspect that all or most girls answered both geek and loner questions identically. This is not the case. There were notable differences apparent in a quick visual check of the girls' responses to the two questions, and this difference is supported by the statistics. Kendall's tau, a common method for comparing two ordinal values, was calculated at a weak .41 with a p value < .001 (Wessa, 2006) . Thus, it does not appear that there is an important correlation in the geek and loner views. As shown in Figure 2 , some girls view IT workers as geeks. Some others view them as loners. Still others view them as both. Most view them as neither.
Geek and Loner, 40, 10%
Geek, 38, 9%
Loner, 37, 9%
Neither, 296, 72%
Figure 2. Perceptions of high school girls concerning computer workers
While the geek and loner images did come up in open-ended responses, they did so even less frequently than when the girls were asked a direct question about these stereotypes, as shown in Table 5 . This is as would be expected. A freeform response is less likely to elicit a specific response than a question that actually asks about that specific response. Results, in terms of the percentage responding 'YES' to a direct question compared to the percentage responding 'YES' to an indirect, open-ended question, are similar for both groups. 
Open Ended Responses Regarding the Geek Image
Mention having to deal with dorks, nerds, or geeks as a disadvantage of IT careers 1.9%
Open Ended Responses Regarding the Loner Image
Mention lack of interaction with others as a disadvantage 9.5%
Mention lack of interaction with others as an advantage 1.2%
Mention lack of social life as a disadvantage 6.1%
Thus, seventy-two percent of the participants said they did not think IT workers were geeks or loners when asked directly, and an even smaller percentage referred to these characteristics indirectly in their open-ended responses. However, one image of IT workers dissuades the majority of girls from computer work. In a separate objective question, a total of 54.7% of all respondents agreed when asked, "Do you think people who chose IT careers are obsessed with computers?" Obsession is a negative term that clearly goes beyond the fascination that may be attributed to a computer geek. Some of the girls' freeform answers give insights into this opinion:
• "I think you may grow to depend too much on your computer and not be able to live with out it." • "You can get obsessed with using the computer, you may want to do everything on the computer and get lazy doing activities."
• "You start to trust something that's not human…" Thus, it is clear that despite widespread belief to the contrary, neither the geek nor the loner image are held by the majority of high school girls, and they are not major barriers to girls' entry into the Information Technology field. However, the threat of becoming obsessed with computers, or perhaps of having to deal with those who are, is a significant barrier. This concept is explored in more detail in the Discussion section of this paper.
H3: Racial Distinctions
Figure 3 depicts percentage differences in perceptions of IT workers among various racial groups. The groups are not equal in size. The Asian and Other groups are significantly smaller than the others, with less than twenty participants each, while the three other groups each had well over one hundred girls in each. To determine whether these differences in perceptions among the races participating in the study were significant, we ran the Kruskal-Wallis one-way analysis of variance by ranks test for each question. Results are summarized in Table 6 . Although racial differences in responses to the loner question are not significant at the .01 level, the very small p value for the geek question indicates that even though the distributions overlap, there is significant difference in the medians among racial groups. We therefore reject the null hypothesis and conclude that, contrary to our original Hypothesis 3, there are racial differences in terms of how high school girls perceive those who choose computer careers. An exploration of the possible reasons for these differences, and whether they might be the result of other confounding variables, appears in the Discussion section of this report.
Image of the IT
From the percentages in Figure 3 , African American or Black girls appear most likely to have a non-geek image of IT workers, while Asians appear most likely to accept a geek image. However, further testing was required to determine the specific pairs of racial groups having statistically significant differences with respect to each of the two questions. To detect specific differences among various pairs of races, we conducted Mann-Whitney pair-wise comparisons. Results, shown in Table 7 , indicate significant differences at the .01 level for three racial pairs: African American / Black and Asian / Pacific Islander; African American / Black and Caucasian / White; and Asian / Pacific Islander and Hispanic / Latina. 
Discussion
Geeks and Loners
As noted earlier, we found that most high school girls do not perceive IT professionals as geeks and loners, upholding our first two hypotheses. This raises the question of where and when the myth derived. Relatively few research studies in the US have addressed the Geek Mythology for girls in a specifically pre-college environment. One notable set of studies on girls and the Geek Mythology was identified in the AAUW series of reports. One of the initial AAUW reports (AAUW Educational Foundation, 1992) addressed the different educational experiences and achievements of girls and boys in reading, writing, mathematics, and science, with very little discussion of computer science or girls participation in the field. However, AAUW's subsequent study (AAUW Educational Foundation, 1998) revealed that "girls comprised of only 17 percent of the AP test takers in computer science and the emergence of computer science as the new boys club" (p. 4) was identified as a major concern. This disinterest of girls regarding computer science in the 1998 study lead to a 10 year research agenda on how to educate girls in the new computing environment. The AAUW 2000 (AAUW Educational Foundation, 2000 report identified the male hacker/geek image and its accompanying computer culture as a significant deterrent for girls, discouraging their entry into the computer field. The AAUW 2000 study consisted of seven focus groups of 70 middle and high school students on the East Coast, and surveys of 892 teachers online. The issue thus arises of why the results of the study being reported upon here are different from the AAUW study 6 years ago. Perhaps, since this survey included 412 girls compared with only 70 girls in the AAUW study, the current results are simply more representative. It is also possible that the location makes a difference; the AAUW study surveyed girls from the East Coast; the location of our survey participants was the Midwest region of the US. Alternatively, Schott and Selwyn's suggestion (2000) that the ubiquitous use of computers and the passage of time have transformed the face of the computer culture to be more inclusive and diverse may be true. Clearly, there are many possible reasons for the decline of the geek and loner image as a major barrier to high school girls' entry into the IT field. However, the cause of the decline is not nearly as important as identifying its existence. If we know that girls are not finding the geek / loner image a disincentive, then we can recognize that we can battle that image less ac-tively, and we can turn our limited resources toward other areas, including the extremely important new area of computer obsession or addiction.
We were surprised to find that, while the geek and loner stereotypes are not major barriers to high school girl's entry into the IT field, the possibility of becoming obsessed with computers, or of having to work with those who are obsessed with computers, is. With the word obsession, the simple status of fascination with computers crosses the line into the very negative realm of addiction. We find it likely that while geekiness is a declining concern as computational devices become ever more prevalent, obsession with computers is a growing concern, particularly among high school girls. It is likely that the growing popularity of computer games and of portable electronic devices has resulted in more computer obsession within society in general, and particularly among teenagers, especially teenage boys. We believe that the girls' opinions in our study simply reflect this fact.
Racial Differences
As stated in the results of H3, we were surprised to discover the significant differences among the racial groups. As stated earlier, the racial groups were not the same size. The Hispanic, African American, and Caucasian groups had more than one hundred participants, while the Asian group had 18 participants; however, despite the large size differences, there were statistically significant differences among the groups. Examining the different elements of the geek definition and determining the impact of a variety of cultures, ethnic backgrounds, and socio-economic factors could provide rich and fascinating results. This study was conducted in a metropolitan city of the Midwest region of the United States. Future research studies could be conducted in rural areas, in other segments of the United States, and in other countries. Additionally, alternative techniques of interviews, focus groups, or case studies could provide the methodologies to more fully dissect the geek definition, if it is indeed further divisible. 
Conclusion
Consider, in terms of Informing Science, the transformation in high school girls' misconceptions about computer careers, from concern over geekiness to concern over obsession with computers. We can view this transformation as a move from one type of misinformation to another, from a largely unfounded stereotype fueled by the media, to an exaggeration of concrete facts experienced by the girls. Most high school girls have never met a geeky IT worker with a pocket protector, but many have had real personal experiences with computer obsession. They either know someone that they consider to be computer addicted or they themselves have experienced the seductive aspects of computer gaming. Here we have an instance where a new stereotype of computer obsession, primarily based in experience, is likely to be much harder to combat than the old geek stereotype, largely based in the media. There is some evidence in the psychology literature that children tend to be less easily swayed by misinformation about fixed details that they have repeatedly experienced (Connolly & Lindsay, 1999) . Further, university students tend to place highest confidence in misinformation gained through personal experience and considerably less in that gained through the media (Taylor & Kowalski, 2004) . Thus, as high school girls have exchanged media-based misinformation for experience-based misinformation, our job in overcoming that misinformation almost certainly has become significantly more difficult. The geek image may be on its way out, but the obsession threat that replaced it likely will be much harder to counter.
